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Editor: K. Winter 
Evidence for the production of b-flavoured baryons in Z ° decays is reported from the analysis of 365 000 hadronic 
events collected by the DELPHI detector. Assuming that most of the weakly decaying b flavoured baryons produced 
by the Z ° are A b, the observed signal of (Al- + ~l + ) pairs, where l is a high transverse momentum lepton in the 
same jet as the A, leads to a production rate: f (b ---+ A b ) x Br(Ab ~ AluX) = (0.41 :t: 0.13 + 0.09)%. Using a sample 
of 18 reconstructed Ao decay vertices, the lifetime is determined to be r(A b) = (1 ~A+0.48 5= 0.10) ps. 
"~- -0 .38  
1. Introduction 
Although b physics has been studied for more than 
a decade, little is known about the spectroscopy of 
hadrons containing b quarks. This is particularly true 
for baryons, which have a rather small production 
rate. It is only recently that the first quantitative re- 
sults appeared from high energy colliders such as the 
Spas [1] and LEP [2,3]. The Ab, made of the u, d 
and b quarks, is believed to be the lightest baryon in- 
volving the b quark. Its study will provide data on 
the fragmentation of the b quark into baryons and its 
subsequent weak decays. 
LEP running at the Z ° peak is well suited for this 
experimental program. The high Z ° ~ hadrons cross- 
section and the large branching fraction to bb pairs 
provide large numbers of b-hadrons. The hard frag- 
mentation ofb quarks ensures that the b-hadrons have 
high momenta nd therefore travel a measurable dis- 
tance before decaying. 
In a given jet an energetic lepton with a high trans- 
verse momentum (pr) to the jet axis and an energetic 
A with baryon number opposite to the charge of the 
lepton (that is Al -  and A l + pairs nt , the so-called 
right sign pairs), signal a Ab candidate. Assuming the 
semileptonic decay of the Ab proceeds through the 
b ~ c ~ s quark decay chain (the ud diquark pair 
is just a spectator) the negative lepton appears from 
Although from now on only AI- pairs will be mentioned 
explicitly, reference to the charge conjugate combina- 
tions will always be implied. 
the b ~ c part of the process and the A appears at the 
end of the decay chain. The kinematics of the b ---, 
c -~ s decay chain impart a high momentum to the A, 
while the b --. c decay gives a high longitudinal and 
transverse momentum lepton. Other b-baryons, the 
Zb and the ~2b in particular, can also lead to the same 
final state, but their production is suppressed ue to 
the need to create one or two s~ pairs. The Xb, on the 
other hand, is expected to decay via strong or elec- 
tromagnetic interactions to the Ab [4]. Under these 
assumptions right sign Al pairs single out Ab produc- 
tion. Other Al producing processes urviving the se- 
lection cuts discussed in the paper do not exhibit any 
sign correlation and can be eliminated by subtraction 
of the wrong sign pair distributions. 
In the following sections the detector and the event 
selection procedure, the lepton and A identification 
algorithms and the method of extracting the Al com- 
binations from the data are described. Assuming b- 
baryon production is dominated by the Ab, the ob- 
served rate is translated into a measurement of the 
product branching ratio: Fb-Jl'had × f (b ~ Ab) x 
Br(Ab ~ AluX) ,  where f (b ~ Ab ) is the probability 
that a b-quark fragments to a Ab. Finally a clean sam- 
ple of A/~ events is used to determine the Ab lifetime. 
2. The DELPHI  detector 
The DELPHI detector has been described in de- 
tail elsewhere [5]. Relevant o this analysis are the 
tracking detectors and, for lepton identification, the 
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calorimeters and the muon chambers. 
The tracking detectors, immersed in a 1.23 T mag- 
netic field, are the microvertex detector (VD), the 
inner detector ( ID), the time projection chamber 
(TPC), the outer detector (OD) and the forward 
chambers FCA and FCB in the end-caps. Using 
the ID, TPC and OD, the momentum resolution is 
a(p)/p = 0.0015p where p is expressed in GeV/c. 
The silicon microvertex detector is made of three lay- 
ers at radii 6.3, 9 and 11 cm (only the last two were 
operational in 1990 data taking) each providing r4, 
readout. With the microvertex detector hits included 
in the track fits, a precision of 30 /~m is achieved 
in the plane transverse to the beam on extrapolating 
tracks of high momentum particles to the primary 
interaction point and a momentum resolution of 
3.5% for a 45.5 GeV/c muon is obtained. The TPC 
provides up to 16 space points, in a volume enclosed 
by two cylinders of 2.7 m length and radii 30 and 
122 cm, for charged particle tracks with polar angles 
between 39 o and 141 °. It also provides a measure- 
ment of the mean ionisation (dE /dX)  from 192 
sense wires. For isolated particles (muons in di-muon 
events) the RMS resolution on the mean dE/dX is 
5.5%, while for particles in jets the RMS resolution 
is 7.5%. The two track resolution being 1.5 cm, it 
is difficult to determine the dE/dX for 25% of the 
charged particles that overlap within this distance 
along more than half of the TPC radial range. 
In the polar angle range 10 ° < 0 < 170 ° muon 
detection is provided by layers of drift chambers in 
the barrel and end-cap regions. The first layer is sited 
inside the iron return yoke after 90 cm of iron and the 
second is placed outside (after 1 m of iron). In the 
barrel region (50 ° < 0 < 130 ° ) there is a third layer of 
chambers to provide full coverage in azimuthal angle 
(¢). 
Electromagnetic showers in the barrel region (44 ° < 
0 < 136 ° ) are detected by the high density projection 
chamber, HPC, with nine layers of longitudinal seg- 
mentation ( 18 radiation lengths in total) and a gran- 
ularity of 1 ° in 4). 
3. Hadronic event selection 
The data samples taken in 1990 and 1991 amount 
to integrated luminosities of 5.6 pb -~ and 10.7 pb -~ 
respectively. The trigger for multi-hadron events was 
more than 99% efficient. For hadronic event selec- 
tion, a charged particle is retained if its momentum 
(p) is between 0.1 and 50 GeV/c, ~r(p)/p is below 
100%, its measured path length is longer than 20 cm, 
and its distance of closest approach to the nominal 
interaction point is less than 4 cm in the plane trans- 
verse to the beams (see section 4.3 for cuts applied 
to charged tracks used in the search for As) and less 
than 10 cm along the beam. An event is accepted as 
hadronic if it has more than five such tracks and a 
total energy carried by charged particles (computed 
assuming all are pions) greater than 0.12 x/s. A to- 
tal of 120 000 and 245 000 hadronic events were se- 
lected by these criteria from the 1990 and 1991 data 
samples, respectively. The efficiency of the hadronic 
event selection is (94.7 + 0.4)% [6]. 
Well measured (~r(p)/p < 10%) charged tracks in 
these events are clustered into jets using the LUND 
jet finding algorithm (routine LUCEUS) [7] with a 
clustering mass parameter equal to 6.5 GeV/c 2. 
4. Lepton and A identification 
4.1. Muon selection 
For the analysis of/~A pairs, the hadronic data sam- 
ple in which the TPC and the barrel and forward muon 
chambers were operational has been used; this re- 
quirement restricts the sample to 323 000 Z ° hadronic 
decays. 
As explained in detail in refs. [8,9], charged tracks 
with momenta above 3 GeV/c are extrapolated to 
the muon chambers and matched to track elements 
measured in these chambers. A muon candidate is 
used in the analysis if it is in the polar angle region 
20 ° < 0 < 160 °. The muon identification efficiency 
is (78 ± 2)%. The probability for a hadron to fake a 
muon by punching through or decaying in flight has 
been studied using the hadron calorimeter and esti- 
mated to be (0.94±0.10)%. A total of 28 849 hadronic 
events are found with a muon candidate. Of the muons 
with transverse momentum Pr  greater than 1 GeV/c 
with respect o their jet axis, 54% are estimated to 
come from direct b quark decay [9]. 
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4.2. Electron selection 
The electron sample has been extracted from the 
hadronic data in which the TPC and the HPC were 
operational; this sample amounts to 329000 Z ° 
hadronic decays. 
As explained in refs. [9,10], charged tracks with 
momenta bove 3 GeV/c are extrapolated to the HPC 
and matched to the energy depositions measured. A
charged particle is identified as an electron if the en- 
ergy deposition in all nine layers of the HPC and the 
dE/dX in the TPC are consistent with expectation. 
From the measured energies in the nine HPC lay- 
ers a Z 2 is determined relative to the values expected 
for an electron of the given momentum. The parti- 
cle is accepted as an electron if the Z Z-probability is
greater than 3% and the dE/dX if measured isgreater 
than 1.42 times the minimum ionisation. Only elec- 
tron candidates in the polar angle range 46 ° < 0 < 
134 ° are used in the analysis. With the above criteria 
the electron identification efficiency is determined to 
be (45 + 3)%. The probabil ity for hadrons to fake a 
prompt electron is determined to be (0.90 ± 0.04)% 
from a sample of pions from reconstructed neutral 
kaon decays. 
The final sample of hadronic events with an elec- 
tron candidate amounts to 26 394 events. Many of 
these electron candidates originate from gamma con- 
versions before the calorimeter; however, they are 
found to have a much lower mean PT with respect 
to the jet axis than prompt electrons. For PT greater 
than 1 GeV/c, 38% of the electron candidates are es- 
t imated to come from direct b quark decay [9]. 
4.3. A selection 
The search for the A ~ pn-  decays in hadronic 
events with an identified lepton has been performed 
by fitting to a common secondary vertex pairs of op- 
positely charged tracks with a total momentum below 
40 GeV/c. Candidate secondary vertices are accepted 
if 
(i) the distance from the primary vertex is less than 
80 cm in the plane transverse to the beam; 
(ii) the ~2 probabil ity is greater than 1%; and 
(iii) their separation in x and y from the average 
beam spot (calculated for each LEP fill) is more than 
four times the relevant error (typically 300 ktm). 
Besides these requirements a A candidate has to sat- 
isfy the following conditions: 
- the angle, in the plane transverse to the beam axis, 
between the (pg) momentum direction and the vec- 
tor joining the primary and secondary vertices is less 
than 1.5°; 
- the distance of closest approach of the A trajectory 
to the primary vertex of the event is less than 4 mm 
in the plane perpendicular to the beam; 
- cos 01 > -0.94 where 01 is the angle between the 
proton and the A line of flight in the A rest frame; 
- the invariant mass of the two particles, when each 
is assumed to be a pion, is inconsistent with that 
of a neutral kaon (i.e. outside the interval 0.485 < 
M(g+g - )  < 0.515 GeV/c2); 
- the innermost hits for each track in the pair are con- 
sistent with the measured transverse decay length of 
the candidate; 
- both decay products have apr  with respect to the A 
line of flight greater than 30 MeV/c; this cut reduces 
the background from gamma conversions to almost 
zero; 
- the apparent lifetime of the A exceeds 0.02 ns (cf. 
rA = 0.26 ns); 
- the dE/dX of the assumed pion and proton tracks 
are either unmeasured or match the expected values 
within 3.5 standard eviations. 
The p~ invariant mass spectrum for 4052 secondary 
vertex candidates surviving the above cuts and having 
momenta bove 4 GeV/c is shown in fig. 1. A fit of a 
Gaussian curve on the top of a polynomial background 
to this distribution gives 527 :k 29 A --+ pg-  decays 
with a central value of 1115.9 ± 0.3 MeV/c 2 for the 
A mass and a resolution of 3.7 :t: 0.3 MeV/c 2. 
4.4. Comparison of data and Monte Carlo samples 
The effect of the cuts described above was stud- 
ied with a sample of 25 000 Monte Carlo hadronic 
events containing a tagged muon (identified by us- 
ing the same algorithm as in the data). Events were 
generated with the LUND Patton Shower model with 
a b fragmentation function that reproduces the lep- 
ton momentum spectrum observed in semi-leptonic 
b-decays [6]. In the Monte Carlo, 10% of the b quarks 
lead to a Ab when the decays of the heavier b-baryons 
via pion emission are included. ~b and ~2b production 
rates are respectively ower by one and two orders of 
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Fig. I. Distribution ofpn invariant mass in the data for A 
with 4 GeV in Z ° hadronic events tagged by a lepton. 
magnitude. The events were passed through the com- 
plete DELPHI detector simulation program [ 11 ] and 
reconstructed and analysed with the same programs 
as those for the data. 
The mean efficiency to select the A ~ pTr- decays 
for momenta greater than 4 GeV/c is estimated to be 
(16.2 ~z 2.4(syst.)%) in the Monte Carlo, which cor- 
rectly reproduces the observed A spectrum. Sources 
of systematic error on the A reconstruction efficiency 
are the track efficiency for the A decay products, 
the selection efficiency of the cuts, the modelling of 
the quark fragmentation and limited statistics in the 
Monte Carlo. The relatively low efficiency detect- 
ing a high momentum A is mainly due to the small 
outer radius of the TPC, which makes it difficult to 
separate the decay prongs of an energetic A. 
5. AI assoc ia ted  product ion  
To enrich the Ab content in the sample of events 
containing a A and an associated lepton in the same 
jet, a series of cuts have been devised from a study 
of the Monte Carlo hadronic events and from a ded- 
icated Monte Carlo simulation of 10000 events in 
the channel bb ~ AbX ---, AcluX, generated by the 
LUND event generator with the fragmentation func- 
tion mentioned above. 
To reduce the A background from light quark frag- 
mentation processes, which mainly contribute to the 
low momentum region, only A candidates with mo- 
mentum greater than 4 GeV/c have been considered 
for the correlation search. The b-baryon decay candi- 
dates selected from this sample are those with the A 
within a cone of 1 radian half angle around the lepton 
track. 
The momentum cut keeps 85% of the As coming 
f rom Ab decay. 
Sources of Al pairs originating from non-Ab events 
include the following three classes, in order of decreas- 
ing importance: 
(i) Accidental combinations. This class includes 
- random association o fa  A from fragmentation, sur- 
viving the A momentum cut, and a lepton from a 
heavy flavour decay, 
- associations of a A and a fake lepton. 
(ii) The semileptonic Ac decays (either from c? 
events or from cascades after b ---+ c decays). 
( i i i )The semileptonic B meson decays: B --* 
A+-NI--iTX, where ~ is an antibaryon. 
Background from accidental pairs of a A with a 
fake lepton is expected to contribute identically to 
both right sign and wrong sign combinations when 
the misidentified lepton is a pion; this is not true if 
the fake lepton is a proton or a kaon, due to bary- 
onic number and strangeness local conservation in 
the hadronization. However, the study of the Monte 
Carlo hadronic events hows that this effect is negligi- 
ble for high PT tracks. In the A-ant iproton case, this is 
confirmed by the data: by determining the number of 
protons from the A sample shown in fig. 1 which are 
misidentified as leptons, an upper limit of 0.8 events 
in the right sign pairs is derived, under the assump- 
tion that the A and antiproton spectrum are similar. 
The case of a A produced in the fragmentation of a 
quark (particularly a heavy quark) associated with a 
genuine lepton can also lead to different contributions 
in the right and wrong sign combinations, and will 
be discussed below. Finally, events from class 2 con- 
tribute only wrong sign pairs, while class 3 gives right 
sign combinations; both processes have the PT spec- 
trum of the lepton significantly softer than the one in 
the Ab decay. 
To reduce these backgrounds it is required that 
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Table 1 
Expected number of detected As selected by the cuts in 
300 000 q~ MC events. 
Cut All A A from A b decays 
none 13700 68 
PL > 4 GeV/c 5560 58 
Pt > 3 GeV/c 250 43 
(PT)/> 1 GeV/c 127 37 
M(Al) > 2.3 GeV/c 2 86 33 
- (PT)t > 1 GeV/c where pr  is computed with re- 
spect to the jet axis after the lepton has been sub- 
tracted from the jet. Semileptonic decays of Ac and 
B decays are suppressed (approximately 27% of each 
survive this cut and the momentum cut in the lepton 
selection, while 66% of the Ab are accepted). 
- 2.3 <~ M (Al) < 6.0 GeV/c 2 where M (AI) is the in- 
variant mass of the A and the lepton. Again Ac and 
semileptonic decays are preferentially removed (only 
5% of A~ and 15% of B semileptonic decays surviv- 
ing the (PT)I cut remain) while 88% of the Abs are 
retained. 
The effectiveness of the various cuts used in the 
analysis is indicated in table 1 where the numbers of 
A surviving each sequential cut is shown for a sample 
of 300 000 q~ Monte Carlo events. Also the expected 
number of events from Ab decays assuming a produc- 
tion rate f (b  ~ Ab) × Br(Ab ~ AlvX)  = 0.5% is 
indicated. 
To study the effect of accidental pairing of a gen- 
uine A and a lepton at the generation level, a sample 
of 106 Z ° events was generated with the Lund Jet- 
set 7.2 program with default parameters and the first 
three cuts of table 1 applied. The (Al) invariant mass 
distributions for the right sign pairs in events with no 
b-baryon and for wrong sign combinations from all 
sources were compared: the ratio between right sign AI 
pairs and wrong sign ones with M(AI)  > 2.3 GeV/c 2 
is 0.8. However, it can rise up to 1.2 depending on the 
assumed yield of baryon-ant±baryon pairs accompa- 
nying a B-meson in the fragmentation of a b quark. 
In the following analysis it is assumed that this back- 
ground is identical in right and wrong sign combina- 
tions within a systematic error of ±20%. 
The (pn) invariant mass distributions obtained in 
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in the data: (a) right sign combinations; (b) wrong sign 
combinations. The shaded area corresponds to A-electron 
combinations. The arrows show the invariant mass range 
considered in the text. 
and wrong sign combinations are shown in figs. 2a 
and 2b respectively ~2 . The signal of (22 + 5) events 
in fig. 2b is thus interpreted as the remaining back- 
ground of accidental combinations of wrong sign A-  
lepton pairs (the lepton being either a genuine one 
or a misidentified pion). Following the above discus-. 
sion, the same background contribution is expected 
to the A peak in the distribution of right sign pairs 
visible in fig. 2a. 
From these distributions it is clear that there is an 
excess of 30 ± 10 events (23 + 8 and 7 ± 5 events in the 
muon and electron samples respectively) in the right 
sign combination in the (pn) invariant mass range 
1.108 ~< Mp~ < 1.128 GeV/c 2. The corresponding A 
and lepton momentum distributions and the A- lepton 
invariant mass distribution, obtained by subtracting 
the wrong sign distributions from the right sign ones, 
are shown in fig. 3 together with the Monte Carlo 
prediction, normalized to the data, from the dedicated 
#2 The probability for a right sign combination to become 
a wrong sign one is dominated by the probability to fake 
the charge of the lepton (the baryonic number of the A is 
correctly measured when the vertex fit is successful) and 
it is negligible in the momentum region below 20 GeV. 
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Fig. 3. Distribution for some kinematical variables (back- 
ground subtracted) for the right sign combinations. 
Ab generation. Within the low statistics, the agreement 
is fair. 
As discussed in the previous section, it is assumed 
that background from other sources contributes 
equally to the right and wrong sign combinations 
within a 20% uncertainty and thus is removed by 
the subtraction. Due to this uncertainty, a system- 
atic error of ±4.4 events (i.e. 20% of the observed 
signal of 22 ± 5 events in the wrong combinations 
plot, see fig. 2b) is added in quadrature to the other 
systematic errors. 
In summary, the observed excess of 30+ 10 events is 
a statistically significant signal of Ab. From this excess 
the product branching ratio BR = Fbg/F~a d × f (b 
Ab) x Br(Ab ~ AluX) is determined. The total effi- 
ciency, including the A ~ p~z- branching ratio and 
the geometrical acceptance for lepton detection, is 
(3.4 ± 0.8%) for the muon channel and ( 1.3 + 0.4%) 
for the electron channel. The systematic errors in- 
clude the uncertainties in the A reconstruction and 
lepton identification efficiencies and in the A and lep- 
ton spectrum from the Ab decay. From the selected 
samples of Z ° hadronic decays defined above, 
BR = 0.99 5_ 0.33 + 0.26 × 10 -3 
6. Ab production rate 
for the A# sample, 
and 
To determine the Ab production rate the remaining 
background in the sample of Al selected events has to 
be evaluated. 
Semileptonic decays of the Ac contribute an esti- 
mated 0.4 events to wrong sign combinations. This 
comes from the total selection efficiency for this chan- 
nel of (0.1 + 0.03)%, using a 10% probabil ity for a c 
quark to hadronise to a Ac, a 20% probabil ity for a b 
quark to produce a Ac, and the Ac + --+ Ae+X branch- 
ing ratio of (1.2 + 0.4)% [12]. 
Background right sign combinations can come from 
class 3 events. The number of background events from 
semileptonic B-meson decays with a A in the final 
state is estimated to be less than 0.1 on the assumption 
that a b quark hadronises to a B-meson 100% of the 
time. This is determined from the selection efficiency 
of (0.3+0.1)%, using the ARGUS upper limit at 90% 
confidence level for Br(B ~ pg-uX)= 1.6 × 10 -3 
[13] and the CLEO assertion that 30% of the protons 
produced in B decays come from A decays [14]. 
BR = 0.76 + 0.54 + 0.24 × 10 -3 
for the Ae sample. 
Assuming lepton universality and using our mea- 
sured value ofFb~/Fha d = 0.219+0.014+0.019 [15], 
the product f (b  ~ Ab) × Br(Ab ~ AluX) is deter- 
mined to be (0.41 +0.13+0.09%) per lepton flavour, 
compatible with values from other LEP experiments 
[2,31. 
7. Ab lifetime 
The vertex reconstruction of semi-exclusive decays 
has proved to be a powerful method in determining 
the B-mesons lifetimes [16]. The same approach is 
used for Ab lifetime determination by reconstructing 
secondary vertices with the A, the correlated high PT 
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muon #3 and an opposite charged track (supposed 
to be a pion) with momentum greater than 0.6 GeV 
and with associated hits in the microvertex detector. 
This procedure selects Ab events in which the follow- 
ing Ac has a decay length within the resolution of the 
vertex reconstruction (300 pro), but does not intro- 
duce any bias in the length distribution of the original 
Ab. This has been checked in the simulation, where 
the reconstructed and generated Ab lifetimes are in 
good agreement. To reduce the combinatorial back- 
ground, the (pAg) invariant mass is required to be 
less than 5.6 GeV and the (Ag) invariant mass to be 
less than 2.4 GeV. Further, the vertex fit probabil ity 
has to be greater than 1%. In case of more than one 
reconstructed vertex, the one with highest probability 
is chosen. In the simulation, it is found that the effi- 
ciency for the Ab decay vertex reconstruction is about 
50%, independent of the Ab lifetime, and in 90% of 
the reconstructed decays the pion attached to the ver- 
tex does originate from the Ab decay chain. The error 
on the primary vertex (50 #m),  reconctructed event 
by event with the beam spot constraint, is included 
in the decay length error and does not introduce any 
systematic effect. 
The Ab momentum estimation required to compute 
the lifetime from the measured ecay length is ob- 
tained by the "residual-energy" technique. The resid- 
ual energy is computed by subtracting the energy asso- 
ciated to the Ab candidate (the A, lepton and pion en- 
ergy) from the total energy associated to charged par- 
ticles in the lepton hemisphere. The Ab energy is then 
estimated by subtracting this residual energy from 
the beam energy. Events with badly measured tracks 
in the hemisphere with unphysical reconstructed mo- 
mentum are not considered for the lifetime determi- 
nation **4. The method is affected by two main sources 
of systematic error. The energy associated to all the 
neutral particles in the hemisphere is by definition in- 
cluded in the Ab energy. On the other hand, charged pi- 
ons from the Ab decay chain may be wrongly included 
in the residual energy computation. The Monte Carlo 
study shows that the two effects nearly compensate, 
the correction factor to reproduce the generated Ab 
spectrum being on average 0.974-0.02. The resolution 
obtained for the Ab momentum is 8%. The systematic 
error on the correction factor includes the statistical 
error of the Monte Carlo and the uncertainty on the 
b-fragmentation function. The Ab mass was taken to 
be 5.62 GeV with an uncertainty of ± 200 MeV which 
directly contributes to the systematic error. 
For the lifetime analysis the 1991 muon data (with 
all the three layers of the microvertex operational) 
were used; out of 37 right sign A/l events, 18 decays 
were reconstructed. From a fit to the mass plots for 
the right and wrong sign correlations, the Ab content 
of this sample is determined to be (63 + 10%). Back- 
ground events come from secondary vertices originat- 
ing from charm and B-mesons decays, whose average 
lifetime will be determined by the data (see below), 
and from fake vertices whose lifetime distribution has 
zero average value. The first component is assumed 
to be (66 ± 4%) of the background (54% from direct 
b ~/~X and 12% from cascade b ~ c -~ ~t decays), 
in agreement with the known b-purity of the high pv 
muon sample [9]. Its average lifetime is determined 
from a larger sample of decays reconstructed in the 
high pr  muon events using the same vertex finding 
algorithm and all the V ° candidates with momentum 
greater than 3 GeV and (pg) invariant mass less than 
1.3 GeV. Since the length distribution of the recon- 
structed vertices is dominated by the measurement of
the charged tracks (although including the A in the fit 
has an important role in reducing the combinatorial 
background), it is not modified by the presence of a 
fake V ° instead of a true one. The second component 
is assumed to have a gaussian spread determined by 
the detector esolution. 
A maximum likelihood fit was performed to the 
lifetime distribution of the 18 decays of the Ab sample 
and to the one of the background vertices described 
above, with the likelihood function [16] 
L = - Z log[ f  (ti, ai, z, zB) ] ,  
i 
with 
**3 The extrapolation of the electron track is not precise 
enough for this study, due to bremsstrahlung effects. 
#4 Such events were kept in the analysis of ref. [ 16], and 
this led to a larger estimate of the systematic uncertainty. 
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f (ti, ~ri, r, z , )  
= N~ exp(a2/2r 2 - t , /r)  
× erfc[ (cri/r - t i /a i ) /~/2] /2r  
+ Nfb exp(a~/2r~ - 4/rB)  
× erfc[(ai/r8 - t i /ai)/~/-J]/2r8 
+ exp(-t /2aT), 
where r and r8 are the signal and background life- 
times; cri is the error on the measured ecay time, ti, 
the normalization constants for the signal, the back- 
ground from non Ab decays and fake vertices (N~, Nfb 
and Nb respectively) were fixed in the fit using the 
values of the purity and background composition dis- 
cussed above.The two lifetime distributions and the 
probability functions resulting from the fit are shown 
in fig. 4 and the two mean lifetimes are determined 
to be 
Table 2 
Contributions to the systematic error on the A b lifetime. 
Error source Systematic error (ps) 
momentum estimation 0.02 
mass uncertainty 0.04 
A b purity 0.03 
background b-content 0.02 
fit range 0.02 
selection cat 0.07 
total systematic error 0.10 
The systematic error has been computed from the 
spread of results obtained from various fits done by 
varying within their errors 
- the Ab purity (±10%); 
- the b-purity (±4%) of the background with decays 
in flight; 
- the lower and upper limits of the time interval used 
in the fit by the error (±0.45 ps) on the mean life- 
time of the signal. The time interval determines the 
normal±sat±on in the likelihood fit. 
Finally it was checked that the fit result was sta- 
ble within a 7% variation when changing the momen- 
tum cut for the track selection in the vertex algorithm 
in the range 0.3-1.2 GeV/c. This changes the proba- 
bility of creating a fake vertex using tracks from the 
primary vertex; the above variation is considered as 
an upper limit on the systematic error on the life- 
time from this source. The contributions of different 
sources of systematic errors, listed in table 2, were 
summed in quadrature, giving an overall systematic 
error of ±0.10 ps. 
The effect of the uncertainty of the background life- 
time is included in the statistical error obtained from 
the fit, since the background and the signal lifetimes 
are determined at the same time. The final result for 
the Ab lifetime is then 
1 ( /A  +0-48  r(Ab) . . . . . .  0.38 ±0.10 ps. 
T B = I , ' )~+0.15  
• ~v  0.17 ps  
and 
r(Ab) = | NA+0'48 
• " ' - '~-0 .38  ps .  
8. C o n c l u s i o n s  
An excess of 30 ± 10 Al -  events compared with 
Al + events is observed and is interpreted as a signal 
of semileptonic Ab decays. Assuming that most of the 
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weakly decaying b flavoured baryons produced in the 
Z ° decay are Ab, the corresponding product branching 
ratio f (b  -~ Ab) x Br(Ab ~ AluX)  is determined to 
be (0.41 +0.13=/=0.09%). 
From a sub-sample of 18 decay vertices recon- 
structed in the muon data sample the Ab lifetime has 
been measured to be r(Ab) = 1 aa+0.48 ~ 0.10 ps. 
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